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Abstract 
Skin plays an essential role in the prevention of pathogenic microorganisms entrance. It is also 
considered as the first line of immune defense in our body. The therapeutic effects of probiotics on 
wound healing are well reported over the past decade. Nevertheless, there are limited publications 
about the impact of probiotics on skin wound healing. Here we assessed the effect of Lactobacillus 
paracasei TD3 on cutaneous wound healing in male Wistar rats. During this research, thirty-six male 
Wistar rats grouped into control positive, control negative, and trial groups, then the skins of rats were 
incised to make a full-thickness wound. An ointment produced from probiotic L. paracasei TD3 was 
administrated to the trial group, and immunohistological factors of each host were evaluated and 
compared with control groups. The final results showed that although L. paracasei TD3 could proceed 
the wound closure earlier than other groups and could induce angiogenesis in trial group, it could not 
cause any significant changes in the levels of monocytes, lymphocyte, mast cells and 
polymorphonuclear leukocytes in the trial group compared to control groups. This probiotic bacterium 
may be effective besides other probiotic bacteria. 
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1. Introduction 
Skin plays an essential role in the prevention of 
pathogenic microorganisms’ entrance. It is also 
considered as the first line of immune defense in our 
body [1, 2]. The wound causes the skin to lose its 
integrity, thus activate a cascade of an event that led to 
wound healing. Wound repair process includes three 
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overlapping phases, namely inflammation, 
granulation, and remodeling [3, 4]. On the other hand, 
recently, some authors describe the four-phase 
concept for wound healing, including hemostasis, 
inflammatory, proliferation, and remodeling, 
respectively [5, 6].  
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There are several strategies to improve one or 
more phases to accelerate the wound healing process. 
Since chemical agents have adverse side effects, the 
tendency to use a novel alternative method is 
increased [5, 7, 8]. An appropriate agent should 
accelerate the wound repair process to prevent 
infection as well as angiogenesis induction. More 
recently, some authors evaluate the effect of different 
strains of probiotics as a therapeutic agent. According 
to the world health organization (WHO) definition, 
probiotics have beneficial effects on the host when they 
are consumed adequately. Probiotics are human-
friendly bacteria that have healthy effects on the 
human body, including reduction of serum 
cholesterol, immune-system improvement, anti-
cancer properties, and prevention of body infection 
[9]. In this study, we investigated the effects of L. 
paracasei TD3, a native Iranian probiotics, on wound 
healing and induction of angiogenesis. Moreover, we 
evaluated the level of production of lymphocytes, mast 
cells, polymorphonuclear leukocyte, and monocytes, 
besides examination of the epithelialization, edema, 
inflammation and granulation. 
 
2. Method and Materials 
2.1 Animals and feeding 
Thirty-six male Wistar rats weighing 150-180 g 
and 3-4 weeks old were purchased from Baqiat-Allah 
research center. They were divided into three groups 
(n=12) after 10 days acclimatization, negative control 
(NC), positive control (PC), and trial (probiotic). The 
tested groups were housed under the controlled 
condition of temperature (22-25°C), light (12h light 
and 12h dark), and humidity (20%-30%). In the whole 
experiment period, all the rats had free access to both 
food and water. The rats were fed by autoclaved food, 
which protein (23%), salt (0.55%), and lysine (1.15%) 
were the most abundant ingredients on their food. 
After incision, they were killed at 3, 7, 14, and 21 days. 
Our study was carried out according to the approved 
protocol by the Institutional Animal Care and Use 
Committee (IACUC).  
 
2.2 Bacteria strain 
In this study, the lyophilized bacterium was 
purchased from Takgen Zist Company (Tehran, Iran). 
To prepare the ointment, 4.8 g lyophilized bacteria 
were mixed with 1000 g eucerin. 
 
2.3 Anesthesia and wounding process 
All the rats were anesthetized with an injection of 
a mixture of xylazine (15mg/kg) and ketamine 
(20mg/kg) into the peritoneum. The dorsal area was 
shaved and disinfected by alcohol (70%) under 
anesthesia, and the skins of tested rats were incised to 
make a full-thickness wound approximately 1.5 cm2 by 
a surgical blade. After the wounding, the rats were 
housed in a separate sterilized cage. The wound 
treatments were carried out in tested groups once 
daily. For each wound, 1g of prepared ointment was 
applied to the probiotic group. For the control group, 
1g of probiotic free eucerin was used. After one day the 
wounding; NC without any treatment, PC was treated 
with eucerin only and trial (probiotic) was treated with 
eucerin plus L. paracasei TD3 strain (1012 CFU(. 
 
2.4 Ulcer size assessment 
Assessment of the ulcer area and percentage of the 
ulcer healing was performed. Length and width 
measurements of the wound (mm2) were performed 
in days 1, 3, 7, 14, and 21. The percentage of healing was 
calculated as below: 
Percentage of healing =
 
(Ulcer area on the first day)−(Ulcer area in the specific day) 
(Ulcer area in first day)
 × 100  
 
2.5 Histological examination 
Rats were sacrificed on days 1, 3, 7, 14 and 21, and 
tissues from the wound site was removed. The tissue 
samples were sectioned out and fixed overnight in 10% 
neutral buffered formalin, then dehydrated gradually 
in ethanol and embedded in paraffin. Sections of 5 mm 
were obtained in an automated microtome. Ulcerated 
sections were stained with hematoxylin-eosin (H&E) 
for histological evaluation during healing. 
 
2.6 Statistical analysis 
Statistical analysis was performed using the 
ANOVA test to determine significant differences 
between groups. Data were analyzed using Graph Pad 
software version 6. In entire experiment the P-value 
less than 0.05 means significant alteration. 
 
3. Results  
3.1 Monocyte production 
Monocyte production was found to decrease 
significantly on day 14 in the trial group compared to 
control negative group (P value <0.05). This change 
was not significant between the trial group and the 
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control positive group. In day 3 and 21 monocyte levels 
in trial group was higher than both control positive and 
control negative group, but this change was not 
statistically significant. On day 7, monocyte 
production in the trial group was lower than two other 
groups, but this change was not statistically significant. 
Data are shown in Figure 1. 
 
3.2 Lymphocyte production 
Lymphocyte production in the trial group on day 
3 was higher than control negative, and on days 7, 14 
and 21, this factor was lower in the trial group in 
comparison with the control negative group. Although 
changes in the level of lymphocyte production were 
observed, these changes were not statistically 
significant. Data are shown in Figure 2. 
 
3.3 Mast cell production 
A gradual increase was observed in the level of 
Mast cell production in all of the experimental groups 
from day 3 to day 21. The highest mast cell production 
belonged to control positive group on day 21. On day 7 
the level of mast cell production in the trial group was 
higher than two control groups, but differences 
between groups were not statistically significant in all 
stages of the experiment. Data are shown in Figure 3. 
 
3.4 Polymorphonuclear leukocyte production 
A gradual decrease was observed in the level of 
polymorphonuclear leukocyte production in all of the 
experimental groups from day 3 to day 21. The lowest 
polymorphonuclear leukocyte production was 
observed in the control negative group on day 21. On 
day 7 the level of polymorphonuclear leukocyte 
production in the trial group was higher than two 
control groups, but differences between groups were 
not statistically significant in all stages of the 
experiment. Data are shown in Figure 4.  
 
3.5 Granulation  
A gradual decrease was observed in the level of 
granulation in three experimental groups from day 3 
to day 21. The lowest granulation was observed in the 
control negative group on day 21. On day 14 the level 
of granulation in the trial group was higher than two 
control groups, but differences between groups were 
not statistically significant in all stages of the 




Figure 1. Comparison of monocyte production between three 
experimental groups. On day 14, the number of monocytes in 
control positive and the trial group was significantly lower 




Figure 2. Comparison of lymphocyte production between 
three experimental groups. Although lymphocyte production 




Figure 3. Comparison of mast cell production between three 
experimental groups. Although the Mast cell production 
increased gradually during the time in all of the experimental 
groups, there was no significant difference between all 
experimental groups. 
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3.6 Inflammation  
A gradual decrease was observed in the level of 
inflammation in three experimental groups from day 
3 to day 21. The lowest inflammation was observed in 
the trial group on day 21. Although during the 
experiment, the level of inflammation in the trial group 
was lower than the two other groups, differences 
between groups were not statistically significant in all 
stages of the experiment. Data are shown in Figure 6. 
 
3.7 Edema 
A gradual decrease was observed in the level of 
edema in three experimental groups from day 3 to day 
21. The lowest edema was observed in the trial group 
on day 21. Although during the experiment, the level of 
edema was different between three experimental 
groups, these differences were not statistically 
significant in all stages of the experiment (Figure 7). 
 
3.8 Epithelialization 
A gradual increase was observed in the level of 
epithelialization in three experimental groups from 
day 3 to day 21. The highest epithelialization was 
observed in the control negative group on day 21. 
Although, during the experiment, the level of 
epithelialization was different between three 
experimental groups, these differences were not 




A gradual increase was observed in the level of 
fibrosis in three experimental groups from day 3 to day 
14. After that, a slight decrease was observed in all 
experimental groups on day 21. Although, during the 
experiment, the level of epithelialization was different 
between three experimental groups, these differences 
were not statistically significant in all stages of the 
experiment. Data are shown in Figure 9 
 
3.10 The progress of wound healing and 
angiogenesis 
The progress of wound healing among all 
experimental groups were compared. Based on 
macroscopic closure of the wounds, the wound healing 
in control groups were impaired, while the wounds 
were fully healed in probiotics group in 21 days after 
incision. Also, microscopic evaluation has revealed 
 
 
Figure 4. Comparison of polymorphonuclear (PMN) 
leukocyte production between three experimental groups. 
Although the PMN leukocyte production decreased gradually 
during the time in all of the experimental groups, there was no 
significant difference between all experimental groups. 
 
 
Figure 6. Comparison of inflammation between three 
experimental groups. Although the inflammation decreased 
gradually during the time in all of the experimental groups, 




Figure 5. Comparison of granulation between three 
experimental groups. Although the granulation decreased 
gradually during the time in all of the experimental groups, 
there was no significant difference between all experimental 
groups. 
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that L. paracasei could induce angiogenesis during 
wound healing (Supplementary figure 1, and 2).  
 
4. Discussion  
Several approaches have been developed for 
wound healing acceleration [10-12]. These approaches 
might be involved in each of the three stages of wound 
healing, including inflammation, tissue formation, 
and tissue remodeling [13]. The therapeutic effects of 
probiotics on wound healing are well reported over the 
past decade [14-16]. Nevertheless, there are limited 
publications about the impact of probiotics on skin 
wound healing. The mechanisms of action of 
probiotics are still unclear. Moreover, it seems 
probiotic bacteria have more effects when they 
administered together. In the present study, the effect 
of L. paracasei TD3 on skin wound healing and 
immunological impacts of bacterium on its host was 
assessed. Our results showed that the administration 
of L. paracasei TD3 would not make any statistically 
significant change in the wound healing process and 
immunological factors of its host in comparison with 
control negative and control positive group while it 
could induce angiogenesis in trial group. There are 
limited studies on wound healing properties of L. 
paracasei TD3. Similar to our effort, Brandi et al.  
examined the effect of L. paracasei TD3 on wound 
healing. Their results on re-epithelialization did not 
show any significant change compared to control 
group, which was similar to our results [17]. Despite 
our work, the effect of other members of Lactobacillus 
on skin wounds showed an acceleration in the wound 
healing process. It has been reported that 
Lactobacillus brevis, and Lactobacillus plantarum 
might significantly accelerate wound healing and 
decrease inflammatory factors in rats after 21 days 
[18]. In another study, Khodaii et al. showed that 
Lactobacillus reuteri is capable of increasing re-
epithelialization in the rat model. They also reported 
that the probiotic group showed a lower inflammation 
rate compared with the control group [19]. 
Gudadappanavar et al. also showed that Lactobacillus 
acidophilus would accelerate wound healing by 
reducing epithelialization time in rat models [20].  
Immune regulation functions of probiotics relate 
to the activation of natural killer (NK) cells, dendritic 
cells (DC), intraepithelial γδ T lymphocytes and 
macrophages, which are effector cells of innate 
immunity important for skin [21]. There are many 
reports about wound healing properties of probiotics, 
which mainly shows they might be considered as a 
new therapeutic agent in wound healing treatments 
[17-20]. Probiotics improve wound healing, while 
acting at the epidermis and dermis levels, where they 
function as signaling receptors against pathogens and 
activate the production of beta-defensins that increase 
the immunity of the skin [22]. Further studies should 
be considered for investigation of probiotic’s safety, 
efficacy, and the mechanism of action in wound 
healing. Also potential side effects include allergic 
reactions to inactive ingredients, bacteremia, and 
antibiotic resistance transfer among pathogens must 
be reviewed which was not studied due to time 
 
 
Figure 7. Comparison of edema between three experimental 
groups. Although the edema decreased gradually during the 
time in all of the experimental groups, there was no significant 
difference between all experimental groups. 
 
 
Figure 8. Comparison of epithelialization between three 
experimental groups. Although the epithelialization increased 
gradually during the time in all of the experimental groups, 
there was no significant difference between all experimental 
groups. 
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constraints, materials and restrictions on access to 
sufficient number of rat models. 
Todays, emerging scientific evidence has showed 
that probiotics may help wound healing. The present 
study investigated the effects of L. paracasei TD3, a 
native Iranian probiotic, on wound healing and 
induction of angiogenesis. Despite our results suggest 
induction of angiogenesis by the bacterium, there is a 
need for further studies on the probiotic bacterium 
and duration of its consumption. Our study about the 
effects of L. paracasei TD3 on wound healing and 
immunological factors in wistar rats did not show any 
statistically significant result, but it might be effective 
on other animal models. Further researches should be 
performed to gain a complete insight into the 
immunohistological and wound healing properties of 
L. paracasei TD3. 
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